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Q. A Consultant's Wish List for a Numerical Model of Structural Response to Fire Conditions
Barbara Lane, Arup Fire
London, UK

A wish list of items to develop a
numerical model for structural
response to fire conditions - a

consultant’s view

Barbara Lane PhD
ArupFire

ARUP

Agreed?
Concerns with the Standard Test

= Temperature / time relationship not the same as real fire hehavior
# Structural response AND fire protection materials response

> Butwhat about huge hody of data existing?
>

How can we (Should we??) relate this data to a numerical model
for structures in fire?

» Do we need a new test?

ARUP

Advanced Calculation Models
*In Europe principles laid out in, for example:

*#Eurocode 3 Part 1.2 Structural fire design

#CIB W014 Rational Fire Safety Engineering Approach
to Fire Resistance in Buildings

*In USA:

*>Subject of AISC work, ASCEISFPE work, hew NIST
program of work
Information required:

Reference document for consultants, authorities
having jurisdiction etc

Stating design objectives, means of achieving
acceptable results

ARUP
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Overview

*# The current status - a heed to establish
agreed concems?

#» Components for a numerical model of
structural response to fire conditions -
status of current models

* The wish list...

ARUP

Agreed?
Mechanical response not addressed
# 8ingle elements tested
¥ In general single elements “analyzed”
* So real frame behavior ignored
* For example:
» Effects of restrained thermal expansion
% Load transfer through connections to cooler elements

% Slah action identified in the Cardington tests as key to increase
in overall strength of composite frames in fire

*# Butwhat about other assemblies - non Cardington
frames?

» 8ingle element analysis cannot capture these responses
-is this the case?

¥ Current FE modeling techniques just beginning to
capture complex responses - but not part of
“mainstream” design work

ARUP

Summary of Advanced Method
1. Thermal Action/Design Fire

Do we:

Create new standard fire resistance test?
Use temperature-time relationships from
real fire data?

Use Natural/Real fire calculation: fire load,
ventilation, boundary properties etc?
Information required:

Clear guidance on design basis fires

ARUP



Summary of Advanced Method

2. Thermal Response

Using defined design fire, calculate heat transfer to
structural elements

Results in a temperature field in each structural element

Information required:
Have existing heat transfer models been assessed?

Do we need new heat transfer model for current
construction materials?

To what detail do we need a temperature profile along the
length and through the cross-section of each structural
element?

How do we assess protected structural elements?

ARUP

Summary of Advanced Method
3. Mechanical Response, as aresult of design fire

Information required:

What model captures these effects for all
construction assemblies?

Is there a means of carrying out a single element
analysis that summarises these effects?

Can these models be translated into simple tables
for mainstream design?

How can we incorporate the new understanding
and future understanding into existing building
codes?

ARUP

Status of current models

noth

ARUP

Summary of Advanced Method
3. Mechanical Response, as a result of design fire
Structural elements losing strength and stiffness

Restraint to thermal expansion produces
compression forces

Higher restraint leads to greater deflections

Through depth thermal gradients imposing
curvature (bowing)

Combinations of thermal expansion, bowing and
restraint conditions can produce large range of
deflection and internal force patterns

ARUP

Existing Numerical Models

It is not simple

Intensive work for 10 years in Europe only
starting to make progress now

Essential to build on this work rather than
start again

Not in format at this time that is useful in a
design office

ARUP

Status of current models
of Edinburgh

ARUP




This wish list.

Status of current models

ARUP ARUP
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